Introduction {#sec1-2045894019888422}
============

Pulmonary arterial hypertension (PAH) is a chronic disease increasingly recognized worldwide.^[@bibr1-2045894019888422][@bibr2-2045894019888422][@bibr3-2045894019888422][@bibr4-2045894019888422][@bibr5-2045894019888422]--[@bibr6-2045894019888422]^ PAH is characterized by increased pulmonary vascular resistance (PVR) that can lead to right ventricular dysfunction and failure.^[@bibr7-2045894019888422],[@bibr8-2045894019888422]^

Effort intolerance is a cardinal feature of PAH and is strongly correlated with disease severity.^[@bibr9-2045894019888422],[@bibr10-2045894019888422]^ In this context, the six-minute walk test distance (6MWD) is a well-established tool to evaluate exercise tolerance, being a simple and reproducible measure of functional capacity.^[@bibr11-2045894019888422][@bibr12-2045894019888422][@bibr13-2045894019888422]--[@bibr14-2045894019888422]^ The prognostic value of the 6MWD in PAH has been confirmed in different cohorts.^[@bibr15-2045894019888422][@bibr16-2045894019888422]--[@bibr17-2045894019888422]^ As such, 6MWD determination is recommended as part of the baseline and follow-up PAH multidimensional risk stratification, contributing to goal-oriented therapeutic decisions.^[@bibr18-2045894019888422]^

Current Pulmonary Hypertension (PH) guidelines recommend the use of 6MWD cut-off values of \<165 m, 165--440 m, and \>440 m to identify PAH patients with high, intermediate, and low risk for mortality, respectively.^[@bibr14-2045894019888422],[@bibr18-2045894019888422]^ These 6MWD thresholds were primarily derived from North American^[@bibr14-2045894019888422]^ and European PAH registries.^[@bibr1-2045894019888422],[@bibr17-2045894019888422]^ The cut-off \<165 m was recently validated in a large Germany cohort for 1, 2, and 3 years mortality.^[@bibr17-2045894019888422]^ However, 6MWD is known to be influenced by several factors such as gender, age, weight, height, and body mass index (BMI), for example.^[@bibr19-2045894019888422][@bibr20-2045894019888422][@bibr21-2045894019888422]--[@bibr22-2045894019888422]^ Moreover, 6MWD geographical and ethnic differences have also been reported, adding complexity to 6MWD interpretation beyond anthropometric-related characteristics.^[@bibr23-2045894019888422]^

In this context, it is unclear if 6MWD PAH cut-off values currently used for risk stratification broadly apply to other PAH geographical populations. Therefore, in the current study, we sought to identify 6MWD cut-off values derived from a Brazilian PAH referral center and to contrast our findings to current international PH guidelines recommendations. We hypothesized that 6MWD geographical nuances would influence 6MWD cut-off thresholds for PAH prognostication.

Methods {#sec2-2045894019888422}
=======

Study design and patients {#sec3-2045894019888422}
-------------------------

Data from consecutive newly diagnosed PAH patients from the Pulmonary Hypertension Clinic of the Federal University of São Paulo (São Paulo, Brazil) between March 2003 and November 2015 were retrospectively analyzed.

Patients were eligible for the study if they were older than 18 years old, met clinical and hemodynamic criteria for Group 1 PAH, and had a baseline 6MWD available for review. PAH was hemodynamically defined by a mean pulmonary arterial pressure ≥25 mmHg, a pulmonary capillary wedge pressure ≤15 mmHg, and a PVR ≥ 3WU on resting supine right heart catheterization (RHC) after the exclusion of other known causes of PH, following current PH guidelines recommendations at the time of this study.^[@bibr24-2045894019888422]^

Exclusion criteria included the use of PAH-specific treatment before baseline 6MWD and/or incomplete clinical or RHC records. The study protocol was approved by the Institutional Medical Ethics Committee.

World Health Organization (WHO) functional classification system was used.^[@bibr25-2045894019888422]^ Patients who had experienced syncope were assigned to functional class IV.

6MWT was performed following the American Thoracic Society six-minute walk test guidelines.^[@bibr26-2045894019888422]^ 6MWD was presented in absolute value.

The study outcome was all-cause mortality and lung transplant. The study follow-up period ended in December 2018, and survival analysis was truncated at five years. Survival status was ascertained by a review of institutional electronic medical records or by telephone calls when the patient had not attended the last visit. If contact could not be established, patients were censored at the date of the last visit registered in the electronic medical record.

Statistical analysis {#sec4-2045894019888422}
--------------------

Data are presented as mean ± standard deviation and median with 95% confidence intervals unless otherwise stated. Categorical variables were compared using *chi-square* test. Comparisons of continuous variables between more than two groups were performed using ANOVA with Bonferroni post-hoc analysis. Subjects were initially allocated into groups according to the 6MWD, every 50 m. Seven five-groups were identified (\<250 m, 250--300 m, 301--350 m, 351--400 m, 401--451 6 m, 450--500 m, \>500 m). Unadjusted hazard ratios for each 6MWD category were estimated using Cox regression. Next, 6MWD ranges were combined into three categories based on similar survival rates: \<250 m, 250--400 m, and \>400 m. Cox regression models unadjusted and adjusted for sex, age, and PAH etiology were built to estimate survival for PAH patients according to the three groups established above. The results were compared to those obtained when the study population was stratified by the 6MWD cut-off values recommended by current PH guidelines (i.e. \< 165 m, 165--440 m, and \>440 m).^[@bibr18-2045894019888422]^ Harrell\'s c-statistic was used to assess the prognostic discrimination of both models. Overall survival was estimated by Kaplan--Meier analysis. Log-rank and Breslow tests were used to compare survival among different 6MWD ranges. Significance levels for all tests were established as two-tailed *p*-values ≤ 0.05. All statistical analyses were conducted using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).

Results {#sec5-2045894019888422}
=======

A total of 186 subjects with an established diagnosis of PAH were considered eligible for the study based on our inclusion criteria. All patients performed 6MWT. Of these, 43 subjects were excluded as they were already receiving PAH-specific therapy at baseline 6MWD assessment and 39 due to incomplete medical records. Therefore, the final study cohort was composed of 104 subjects.

The mean age at baseline was 41 years old; most of them were female (76%) and Caucasians (66%) in New York Heart Association functional class (NYHA-FC) III and IV ([Table 1](#table1-2045894019888422){ref-type="table"}). Table 1.Baseline characteristics of PAH patients according to six-minute walk distance.VariablesTotal *N* = 104 \< 250 m *N* = 08250--400 m *N* = 40 \> 400 m *N* = 56ANOVA *p*-valuesAge, years41 ± 1557 ± 21^[a](#table-fn1-2045894019888422){ref-type="table-fn"}^44 ± 1338 ± 14^[a](#table-fn1-2045894019888422){ref-type="table-fn"}^0.001Gender, female79 (76)6 (75)33 (83)40 (71)0.26Self-reported race0.11 Caucasian69 (66)6 (75)31 (78)32 (57) Mixed27 (26)2 (25)5 (13)20 (36) Black6 (6)--2 (5)4 (7) Asian2 (2)--2 (5)--BMI, Kg/m^2^25 ± 527 ± 727 ± 5^[b](#table-fn2-2045894019888422){ref-type="table-fn"}^24 ± 4^[b](#table-fn2-2045894019888422){ref-type="table-fn"}^0.03NYHA-FC III/IV63 (61)7 (88)29 (73)27 (48)0.02^[c](#table-fn3-2045894019888422){ref-type="table-fn"}^Underlying diagnosis0.51 Idiopathic39 (37)3 (38)14 (35)22 (39) Connective tissue disease31 (30)4 (50)10 (25)17 (30) Congenital heart disease13 (12)0 (0)8 (20)5 (9) Portal hypertension10 (10)1 (12)5 (13)4 (7) Schistosomiasis5 (5)0 (0)0 (0)5 (9) HIV4 (4)0 (0)2 (5)2 (4) Hereditary1 (1)0 (0)0 (0)1 (2) Venoocclusive disease1 (1)0 (0)1 (2)0 (0)Hemodynamics RAP, mmHg10 ± 513 ± 911 ± 610 ± 50.17 mPAP, mmHg58 ± 1258 ± 1258 ± 1257 ± 130.91 PCWP, mmHg10 ± 310 ± 211 ± 310 ± 30.87 Cardiac output, L3.8 ± 1.23.7 ± 1.13.7 ± 1.23.9 ± 1.20.67 Cardiac index, L/min/m^2^2.3 ± 0.72.2 ± 0.52.10 ± 0.72.4 ± 0.70.19 SvO~2~, %62 ± 952 ± 9^[a](#table-fn1-2045894019888422){ref-type="table-fn"}^61 ± 1063 ± 8^[a](#table-fn1-2045894019888422){ref-type="table-fn"}^0.03 PVR, dynes . s . cm^−5^1150 ± 5831286 ± 5911181 ± 5831109 ± 6370.67Six-minute walk test 6MWD, m390 ± 98177 ± 61336 ± 42460 ± 48 \< 0.001[^1][^2][^3][^4][^5]

According to 6MWD, PAH patients with 6MWD \> 400 m were younger, had lower BMI, and it is worth noting that 24 (43%) were in FC III and 3(5%) in FC IV. Patients with 6MWD \< 250 m were more often in FC III or IV (7/88%), compared to those who walked between 250--400 m (29/73%) and \>400 m (27/48%); *p* = 0.02. There were no significant differences among the groups for RHC parameters. The 6MWD distribution is presented respectively in [Fig. 1](#fig1-2045894019888422){ref-type="fig"}. Fig. 1.Distribution of 6MWD.6MWD: six-minute walk test distance.

Median follow-up period was 4.35 years, ranging from 0.48 to 5 years (by study design). There were 26 deaths and 1 lung transplant within the observation period. Survival rates at 1, 2, 3, and 5 years were 96%, 89%, 81%, and 73%, respectively. At last visit 52 (50%), 47 (45%), and 5 (5%) subjects were on monotherapy, double combined therapy, or triple therapy, respectively.

Kaplan--Meier survival curves are presented in [Fig. 2](#fig2-2045894019888422){ref-type="fig"}a and b. Cox analysis adjusted for age, sex, and PAH etiology showed that 6MWD \< 250 m were associated with higher rates of death than 6MWD \> 400 m ([Table 2](#table2-2045894019888422){ref-type="table"}). Fig. 2.Kaplan--Meier survival estimates according to 6MWD. Table 2.Cox proportional analysis and Harrel\'s C-statistic for all-cause mortality based on the 6MWD range.Distance category (m)Unadjusted hazard ratio (95% CI; *p* value)Adjusted hazard ratio^[a](#table-fn6-2045894019888422){ref-type="table-fn"}^ (95% CI; *p* value)Current study \<2506.88 (2.38--19.94; \< 0.001)10.61 (3.19--35.32; \< 0.001) 250--4002.45 (1.02--5.92; 0.046)2.74 (1.11--6.73; 0.029) \>400ReferenceReference C-statistic0.660.70International guidelines \<1656.34 (1.27--31.64; 0.024)6.04 (1.13--32.24; 0.035) 165--4401.67 (0.67--4.19; 0.271)1.74 (0.69--4.43; 0.243) \>440ReferenceReference C-statistic0.580.61[^6][^7]

According to Harrell\'s c-statistic, the prognostic discrimination of international guidelines 6MWD cut-off recommendations (\<165 m, 165--440 m, \>440 m) was 0.61. On the other hand, the 6MWD cut-off identified by the current study (\>400 m, 400--250 m, and \<250 m) revealed prognostic discrimination of 0.70.

Discussion {#sec6-2045894019888422}
==========

To the best of our knowledge, although 6MWD has been widely recommended for the risk stratification of PAH, this is the first study to assess its prognostic value in South America. Our findings suggest that geographical variations of 6MWD should be considered during the assessment of prognosis in PAH. In the present study, individuals with lower 6MWD had worse survival, in agreement with the international guidelines, but with a higher cut-off value for worse survival (250 m instead of 165 m), implying a change from intermediate to high-risk rating. Therefore, taking geographical variations of 6MWD into account during risk stratification may lead to better management decisions for patients with PAH.

Regional differences were also observed in COMPASS-2, a study adding bosentan to stable sildenafil therapy that was not superior to sildenafil monotherapy in delaying the time to the first morbidity/mortality event.^[@bibr27-2045894019888422]^ Nevertheless, in a post hoc exploratory analysis, significant interactions with 6MWD and the geographical region in the effect of combination therapy were demonstrated, suggesting improvement in the primary end-point in subgroup the patients from Brazil.^[@bibr27-2045894019888422]^

Casanova et al.^[@bibr23-2045894019888422]^ had shown the geographical variations of 6MWD in a large cohort of healthy adults. Brazilian subjects walked 100 m more than subjects from Venezuela or Chile. The 6MWD cannot be explained by anthropometric factors, but the age was the most important factor influencing 6MWD, besides possible sociocultural conditions.^[@bibr14-2045894019888422]^ The subjects of our study were younger than observed in European^[@bibr28-2045894019888422],[@bibr29-2045894019888422]^ or American registries^[@bibr30-2045894019888422]^ but similar to others from Brazil^[@bibr5-2045894019888422]^ and China.^[@bibr2-2045894019888422]^ However, even after adjusting for age, the 6MWD maintained its prognostic role.

Interestingly, in our study, among patients who walked \>400 m, 24 (43%) were in FC III and 3 (5%) in FC IV. Similar results were shown in another Brazilian PAH cohort.^[@bibr5-2045894019888422]^ It is worth highlighting that WHO or NYHA functional classification is a subject tool combining indicators of functional capacity limitation (physiologic limitations), functional performance (limitations in physical activity), and reserve (symptoms of fatigue, palpitations, and chest pain).^[@bibr31-2045894019888422]^ Although several studies have shown an association between 6MWD and FC in PAH patients, this discrepancy can be explained by the multidimensional characteristic of FC, and by the observer^[@bibr32-2045894019888422]^ or patient misinterpretation. Although syncope has not been considering in the original WHO classification, in our center, patients who have experienced a syncopal episode are assigned to FC IV. Despite these limitations, WHO or NYHA functional classification remains widely used to characterize the disease severity, as well as the endpoint of clinical trials.

There were no differences in hemodynamic parameters among 6MWD groups in our study. The reduced number of patients who walked \<250 m was a limiting factor; however, it is noteworthy that most patients walked \>400 m. Degano et al. have already demonstrated characteristics of PAH patients who walked more than 450 m, besides being younger and with low BMI, some patients had a severe hemodynamic impairment. Similar to our results, they did not observe hemodynamic differences among those who walked less or more than 450 m.^[@bibr33-2045894019888422]^

There are some limitations to our study. It is a single-center study, but our referral center serves a multiracial population, the distribution of the subjects according to the race observed in our study was similar to that reported in the state of São Paulo.^[@bibr34-2045894019888422]^ However, a generalization for the entire country should be done with caution. The national and continental registries are necessary to validate these results. It is a retrospective study with a significant number of excluded patients, in part because many of them came to our center already under treatment before confirmation of the diagnosis. However, the survival of the patients in the study, and of those excluded, was similar, minimizing the potential impact of this factor (data not presented). Furthermore, it is worth pointing out that survival rates of our study at one, two, three, four, and five years were 96%, 89%, 83%, 78%, and 73%, respectively, very close to that observed in developed countries.^[@bibr19-2045894019888422]^ The sample size of our study allowed the only prediction of long-term survival, as recently demonstrated by a large incident cohort of patients with PAH from French pulmonary hypertension registry with a simplified risk assessment tool, wherein the multivariable analysis of baseline criteria, only a 6MWD ≤ 440 m independently predicted death or transplantation in five years.^[@bibr35-2045894019888422]^

As expected, we demonstrated that our internal cut-off values have superior prognostic value for our cohort compared to international guidelines. We recognize that the small number of patients who walked \<165 m or even \<250 m is an important limitation of this study. However, this reinforces the importance of reference centers in different geographical regions should be aware of their own particularities.

In conclusion, our findings suggest that 6MWD geographical variations should be considered while assessing prognosis in PAH. Regional pulmonary hypertension registries are fundamental for better management of the patient, and there is still a gap in South America.
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[^1]:  \< 250 m vs \>400 m

[^2]: 250--400 m vs \>400 m

[^3]: NYHA functional class did not meet assumptions to perform Bonferroni\'s analysis.

[^4]: BMI, body mass index; NYHA-FC: New York Heart Association Functional Class; HIV: human immunodeficiency virus; RAP: right atrial pressure; mPAP: mean pulmonary arterial pressure; PCWP: pulmonary capillary wedge pressure; S~V~O~2~: mixed venous oxygen saturation; PVR: pulmonary vascular resistance; 6MWD: six-minute walk distance.

[^5]: Note: Values are expressed as mean ± SD or *n* (%).

[^6]: Adjusted for age and pulmonary arterial hypertension underlying diagnosis.

[^7]: CI: confidence interval.
